by microbial evolutionary adaptation to warming (Fig. 1b, c) .
117
At the molecular and cellular level, the effect of warming on microbial decomposition 118 is mediated by the temperature sensitivity of intra-and extra-cellular enzymatic 119 activity 22, 29, 30 . In our baseline 'kinetics-only' scenario of temperature-dependent 120 decomposition, we assume that microbial uptake parameters (maximum uptake rate and 121 half-saturation constant) and exoenzyme kinetics parameters (maximum decomposition rate 122 and half-saturation constant) increase with temperature 5,31 in a logistic manner. We 123 consider two additional scenarios for the influence of temperature on decomposition. In the 124 microbial mortality scenario, the microbial death rate also increases with temperature 32 .
125
This could be due to a higher risk of predation or pathogenic infection at higher 126 temperatures, or faster microbial senescence due to higher protein turnover 32 respond to warming with a lower exoenzyme allocation fraction (Fig. 1c) .
216
As expected, the simulated evolutionary response of SOC equilibrium to warming scenario, we showed that microbes always evolve a higher enzyme allocation fraction in 220 response to rising temperature, and we predict that evolution should amplify the non-
221
evolutionary soil carbon loss due to warming (Fig. 3a) . The effect of evolution is strongest 
236
In the temperature-dependent mortality scenario, the strength of the effect of 237 temperature on mortality is an important determinant of the adaptive response to warming.
238
When mortality is moderately sensitive to temperature, the positive response of φ* to 239 warming is attenuated. As a result, the evolutionary aggravation of soil carbon loss is less 240 severe (Fig. 3b ). When mortality is strongly sensitive to temperature, warming creates more asymmetry (as quantified by the local competitive advantage to producers, c0) ( Fig. 4a-h ).
267
Under our baseline scenario, EVO effects correlate strongly with mean annual temperature,
268
even more so for low competition asymmetry (Fig. 4i) . Stronger EVO effects occur in 269 colder sites, as found in the general analysis (Fig. 3a) . In contrast, the non-evolutionary 270 response does not correlate with mean annual temperature (Fig. 4a) . As a result, a 271 temperate site such as Maine exhibits a weak non-evolutionary response that can be 272 strongly amplified by evolution, whereas the warm Costa Rica site shows a strong non-273 evolutionary response that is little affected by evolution.
274
These results are quantitatively attenuated but qualitatively unaffected when microbial 275 mortality increases moderately with temperature (Fig. 4b, f, j) . With a stronger effect of 276 temperature on microbial mortality, all sites show the evolutionary buffering effect (Fig.   277 4k) found in the general analysis (Fig. 3c) . The intensity of evolutionary buffering is 278 independent of the sites' mean annual temperature, whereas it varies significantly with 279 competition asymmetry (Fig. 4k) . Under the temperature-dependent MGE scenario, non-280 evolutionary and evolutionary responses are reduced in magnitude compared to the baseline 281 scenario (Fig. 4d, h ), particularly in cold sites. However, in these sites, EVO effects are 282 enhanced dramatically (Fig. 4l) . Thus, in a site as cold as Alaska, a significant evolutionary 283 loss of soil carbon is predicted, whereas the non-evolutionary-driven loss of soil carbon 284 would be negligible (Fig. 4l ).
286

Discussion
287
As global warming increases environmental temperatures, our model predicts evolution of 288 the enzyme allocation fraction, with potentially large effects on the decomposition process 289 and SOC stock (Fig. 1) . The size of evolutionary effects is most sensitive to MGE, 290 microbial mortality, activation energy of uptake maximal rate, competition asymmetry, 291 initial temperature (Fig. 2) , and to the traits' temperature sensitivity (Fig. 3) (Fig. 1a, Supplementary Fig. 1 ), the ecosystem model equilibrium, or three equilibria (one of which is always unstable) ( Supplementary Fig. 2 ).
481
There are thresholds φmin and φmax such that the single globally stable equilibrium exists for and microbial uptake parameters (maximum uptake rate v U max and half-saturation constant where T is temperature in Celsius, R is the ideal gas constant, and the E parameters denote 504 the corresponding activation energies. with Tref = 20 °C. in which the enzyme allocation fraction is fixed at its T0 -adapted value, φ*(T0) (Fig. 1c) .
561
We measure the magnitude of the evolutionary effect (EVO effect) as the difference 562 between the EVO response averaged over the temperature range (T0, T) and the ECOS No datasets were generated or analysed during the current study. (Table S1 ). Table 1 ).
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